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COMPLETE SPECIFICATION 

Modified Aminoplasts and Products Prepared therefrom 



We, British Industrial Plastics 



>, a company organised under tiie 
laws of Great Britain, of 1, Argyll Street, 



Limited, 



epsilon-caprolaotani and (B) a compound 
represented by tlie general formula 



London, W.l, assignees, of Henry Petkk 
5 WohnsihdI/BR, of 66, Five Mile lliver 
Road, Darien, Connecticut, United. States 
of America, Edward L. Kropa, of 7, 
Roekmere Avenue, Old Greenwich., Con- 
necticut, United States of America, and 
10 Walter Moreland Thomas, of 161, 
South Street, Stamford, Connecticut, 
United States of America, all citizens of 
the United States of America, do hereby 
declare the nature of this invention and 
15 in what manner the same is to be per- 
formed, to be particularly described and 
ascertained in and by the following; state- 
ment: — 

This invention relates to new and useful 
20 compositions having- properties that 
render them particularly useful in the 
plastics, coating", laminating and othei 
arts, to products prepared therefrom and 
to methods of producing such coniposi- 
26 tiona and products. More particularly 
the invention is concerned with composi- 
tions of matter and products comprising 
a modified aminoplast, specifically a 
modified, heat-curable (thermosetting) or 
30 a heat-cured (thermoset), resinous or other 
product of reaction of ingredients com- 
prising (a) an aldehyde, e.g. formalde- 
hyde, and (b) a monomeric amidogen com- 
pound, which is herein defined as a mono- 
86 meric compound containing not less than 
two amino or amido groupings each hav- 
ing at least one hydrogen atom attached 
to the nitrogen atom, e.g., urea, thiourea, 
melamine, methylurea, diethylmelamine, 
40 guanidine, dicyandiamide, guanylurea, 
biguanide or guanyl melamine. In 
accordance with the present invention 
such reaction products are modified with 
a nitrogenous compound which is different 
45 from the compound of (b) and which is 
a member of the class consisting of (1) 
linear polymeric reaction products of (A) 



-R 



60 



where R represents hydrogen, an alkyl 
radical or a monoliydroxyalliyl radical, 
the ingredients of (A) and (B) being 
employed in the ratio of 1 mole of the 
former to not less than 1 mole of the latter, 65 
(2-) aldehyde-reaction (e.g., formaldehyde- 
reaction) products of (1), and (3) mix- 
ture of (1) and (2). The scope of the 
invention also includes methods of pre- 
paring such compositions and products, GO 
e.g., a post-formable laminated article 
comprising superimposed sheets of fibrous 
material impregnated and bonded 
together with a modified aminoplast of the 
land briefly described above. 65 

The ingredients used in the preparation 
of the lineal* polymeric reaction products 
referred to under (1) of the preceding 
paragraph may be employed in the ratio 
of 1 mole of epsilon-caprolactam to from 70 
1 mole to 2<0 anoles of a compound or mix- 
ture of compounds of the kind embraced 
by Formula I, e.g., anhydrous ammonia; 
a monoalkyl amine such, for instance, as 
/7-butylamine or ^-decylamine; a dialkyl- 76 
amine, for example, dihexylamine or 
dioctylamine; a monoalkanolamine siuch, 
for instance, as ethanolamine or iso- 
propanolamino; or a diallcanolamine, for 
example, di ethanolamine or di-Ti-butanol- 80 
amine. Among the linear polymeric 
reaction products which may be used in 
carrying the present invention into effect, 
are those which are composed substanti- 
ally completely of the said linear reaction 85 
products and which have an average mole- 
cular weight of not more than 2000, more 
* particularly those having an average 
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number of caprolactam units per molecule 
ranging from a little above 2 (e.g., 2.5), 
generally at least 3 or 4, to 16. 

Illustrative examples of alkyl "radicals 
6 which. 3£ in formula I may represent are : 
methyl, ethyl, propyl, isopropyl, n«-butyl, 
isobutyi, sec. -butyl, tert. -butyl, amyl, 
hexyl, hepfcyl, octyl, nonyl, decyl to octa- 
decyl, inclusive, including- cyoloalkyl 

10 (e.g., cyelohexylj. Illustrative examples 
of monohydroxyalkyl radicals which R in 
Formula I may represent are: mooio- 
hydroxy-methyl, -ethyl, -propyl, -iso- 
propyl, -n-butyl, -isobutyl, -s^c.-butyl, 

15 -te^.-butyl, -amyl, -hexyl, -heptyl, -octyl, 
-nonyl, -decyl to -octadecyl, inclusive, 
including monohydroxycycloalkyl (e.g., 
monohydroxycy clohexyl) . 

In the commercial utilisation of amino- 

20 plasts in the plasties', coating- and laminat- 
ing arte, it is frequently necessary to 
modify the heat-curable (heat-convertible) 
or potentially heat-curable aminoplast by 
incorporating therein a plasticiser or 

25 softener so that the aminoplast will flow 
properly in the' particular coating or 
laminating composition or, in the case of 
thermosetting aminoplast moulding com- 
positions, will show good plastic flow char- 

30 aeteristics during moulding. For 
example, if improper or insufficient plastic 
flow occurs during the moulding opera- 
tion, .the molded articles may allow 
streaked or wavy surfaces, furthermore, 

36 if the plasticity of the moulding composi- 
tion is not sufficient, lack of physical 
homogeneity as the result of incompletely 
knitted granules often characterises the 
mouldings, especially very large mould- 

40 ingsi. 

In filled (e.g., cellulose-nlled) mould- 
ing compositions it is also important that 
the plasticiser be compatible with both 
the cellulose and the aminoplast, e.g., a 

4j5 melamine-formaldehyde Tesin, so as to 
obtain moulded articles having optimum 
dimensional stability and resistance to 
cracking around inserts. In impregnat- 
ing, coating and laminating compositions 

50 wherein the aminoplast is utilised in the 
form of a solution thereof, it is also 
important that the plasticiser or softener 
for the aminoplast be soluble in the same 
solvent in which the aminoplast is dis- 

55 solved, and for economic reasons; it is also 
desirable that this solvent be relatively 
inexpensive. 

There has also long been a need in the 
laminating art for a light-coloured 

60 laminate wherein the binder for the 
laminae was such as to impart post-'fornv- 
obility characteristics to the laminated 
sheet article. For example, whereas 
many plasticised melamine-fotrmaldehyde 

65 resinous compositions are suitable for a 



wide variety of service applications, to the 
best of ovur knowledge and belief none of 
the compositions of this kind, which were 
known or suggested prior to our invention, 
have been such that a laminated article 70 
in which such prior binders were used 
could be satisfactorily post-formed to a 
desired shape, e.g., into the form of a 
helmet liner. 

In the production of, for example, 76 
laminated structures, e.g., paper- and 
canvas-filled laminates, it is also impor- 
tant that the aminoplast binder impart 
optimum flexural-strength characteristics 
to the laminate, and that it be possible to 80 
subject the laminated article to sawing, 
punching, drilling and other fabrication 
operations without cracking, chipping , 
breaking or other damage thereto. These 
properties and, in some cases, workability 86 
are also desirable in moulded aminoplast 
articles wherein the filler is of the finely 
divided type, e.g\, alpha-cellulose. It is | 
apparent, therefore, that in many cases it ^ 
is desirable that the modifier of the amino- 90 
plast be able to toughen the cured amino- 
plast so that it will be able effectively to 
withstand sudden shocks and strains. In 
numerous instances such a toughening 
agent advantageously is one which also 95 
imparts a plasticising or softening action 
to the heat-curable aminoplast as it 
assumes its ultimate form or shape. 
Generally, plastioisera and toughening 
agents perform several functions in a 100 
moulding* composition. The lower-mole- 
cular- weight derivatives generally pro- 
mote flow and increase the plasticity of 
the product whereas the higher-molecular 
weight components act as. toughening 106 
agents. 

From theforegoing it will be seen that 
in the utilisation of plasticised amino- 
plasts in moulding, impregnating, coat- 
ing laminating, casting and other 110 
applications, it is important that the A 
plasticiser or softener and /or toughening \ 
agent have certain characteristics. The 
particular characteristics! or combination 
of characteristics desired in the plasticiserll5 
obviously will vary to some extent depend- 
ing upon the particular service applica- 
tion of the plasticised aminoplast, but the 
following are usually necessary requisites: 

The plasticiser should improve the 120 
flow of the heat-curable aminoplast, or 
moulding or other composition containing 
the same, during moulding or other use 
preferably without retarding the curing 
of the resin at the curing temperature. 125 
It should be compatible with the amino- 
plast both at normal and at elevated tem- 
peratures and should not " bleed " from 
the cured aminoplast or product or article 
comprising the same. It should not dis- 130 
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colour, or impart an odour to, or lessen the 
water resistance, electrical properties, 
mechanical strength and other useiul 
properties of tlie cured aniinoplast or eom- 
5 position or body containing the same. The 
most desirable modifier, of course, is one 
which improves the physical properties of 
the cured aniinoplast, as by toughening 
it, or makes the modified aminoplast suit- 
10 able lor fields of utility for which the 
unmodified aminoplast is unsuited. 

From the foregoing it will be seen that 
the number of plasticisers (softeners) 
and /or toughening agents for heat-curable 
15 and heat-cured aininoplasts of the kind 
described in the first paragraph of this 
specification are relatively few. Urea and 
various substituted ureas, aniline and 
toluene sulphonamidesi are among those 
20 which heretofore have been used or 
suggested for use as plasticisers for 
aminoplasts. Various, other nitrogen- 
containing compounds also have been 
suggested as plasticisers for heat-curable 
25 and heat-cured aminoplasts. In general, 
these prior plasticisers either have not 
been entirely satisfactory, so that the 
plastieised compositions had only limited 
utilility, or have been so relatively 
30 expensive as to prohibit their use. 
Furthermore, in many cases the improve- 
ment in plasticity or softening was 
attained only at the sacrifice of some other 
useful property of the aminoplast. 
35 The linear polymers, used in the 
present inveution, especially those hav- 
ing an average molecular weight of not 
more than 1201), more particularly those 
with an average molecular weight within 
40 the range of 400 or 450 to 1000, effectively 
plasticise the heat-convertible amidogen- 
aldehyde aminoplast so that it has good 
flow characteristics during moulding and 
in other uses. . Furthermore, the curing 
45 of the heat-curable aminoplast during 
moulding proceeds satisfactorily. Also, 
the aminoplast is plastieised without any 
substantial decrease iu the other valuable 
properties of the heat-hardened amino- 
60 plast, such as resistance to cracking 
around inserts, dielectric strength, sur- 
face appearance, colour, odour and mech- 
anical strength. In fact, a definite 
improvement in some properties is 
55 obtained, for instance, less- after-shrinkage 
of the moulded article; less cracking or 
tendency to crack around metal inserts in 
molded articles; and improved flesural 
strength. Furthermore, the linear poly- 
00 mers are soluble in cheap solvents, e.g., 
a mixture of water and alcohol, so that 
liquid compositions comprising a solution 
of a plastieised aminoplast can be pre- 
pared. These liquid compositions of our 
65 invention are especially suitable for use 



in making post-fonnable laminated 
articles comprising a cured, plastieised 
aminoplast binder, for which latter there 
has long been a need in the laminating 
art. " 70 

It was quite surprising and unexpected 
that linear polymeric materials. 1 of the kind 
described above would be able to coact 
with amidogen-aldehyde aminoplasts, 
such as are employed in practising* our 75 
invention, with the result that the modi- 
fied aminoplasts are different in kind (as 
evidenced by their difference in properties) 
from the linear polymeric material and 
the amidogen-aldehyde aminoplast which 80 
are combined to produce the new com- 
positions and products of the present 
invention. It may here be noted that all 
of the linear polymers used in practising 
our invention are aldehyde-reac table and 85 
can be inter-condensed into the amidogen- 
aldehyde aminoplast; or, the linear 
polymer and /or an aldehyde-reaction 
product thereof otherwise (e.g., during a 
milling, blending- or other operation) can 90 
be caused to become chemically bound in 
the aminoplast and compatible with it. 
Since the linear polymer is bound in the 
aminoplast and integral with it, there is 
no tendency of the polymer to separate 95 
from the aminoplast or for it to cause poor 
i( knitting M of the resin component in, 
for instance, a filled aminoplast. Further- 
more, larger amounts of linear polymer 
can be tolerated as a modifier of the amino- 100 
plast than usually has been possible with 
plastieised aminoplasts wherein the 
plasticiser is non-reactive or substantially 
non-reactive with the aminoplast. These 
results were quite surprising and 105 
unexpected, since in no way could it have 
been predicted from the properties of the 
afore-mentioned linear polymers or from 
the properties o£ amidog*en - aldehyde 
aminoplasts that the linear polymers not 110 
only would be able effectively to plasticise 
the heat-curable aminoplast but would do 
this without sacrifice of the useful 
properties of the cured aminoplast. 

The reaction products of epsilon- Ho 
caprolactam and a compound of the kind 
embraced by Formula I, using molar 
ratios of reaetants snioh as have been men- 
tioned hereinbefore, are polymeric 
materials having non-fibre-forming char- 120 
acteristics. More particularly they com- 
prise a mixture of linear polymers hav- 
ing an overage molecular weight not 
higher than 2000, usually an average 
molecular weight within the range of 300 12fi 
or 350 to 1000 or 1400. They are normally 
solids! which liquefy under heat. Depend- 
ing upon the particular compound which 
is reacted with the epsilon-caprolactam 
and the extent, if any, to which the 150 
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product has been purified, they vary from 
waxy or wax-like solids to* fine powders or 
easily friable solids. Some of the pro- 
ducts acre soluble in hot water, in alcohol 
5 (ethyl alcohol), and in mixtures of alcohol 
and water, but are insoluble in benzene. 
In general, their intrinsic viscosities* are 
relatively low, usually being within the 
range of 0.05 to 0.3 or 0.35. Products 



having intrinsic viscosities within the 10 
range of, for example; 0.05 — 0.1 to 
0— — 0.25 may be used in plasticising 
anudogen - aldehyde aminopla&ts as 
herein described. 

The jpolymeric reaction product as 15 
ordinarily produced may be represented 
by the following general formula : 



II NH 2 (CH 2 ) 5 C0[NH(CH 5 ) a C0] fl NH(CH 2 .) 5 0QN< 



wherein represents a number from 1 to 

20 16, inclusive, that is to say, n has an 
average value between 1 and 16, inclusive, 
and B has the same meaning as given 
above with reference to Formula I In 
all cases the initial reaction product com- 

25 prises a mixture of polymers. The mix- 
ture may contain a small amount of the 
dimer in which case n in the above 
formula would be 0. The crude reaction 
product containing a mixture of linear 

30 polymers may be fractionated by the use 
of particular solvents or mixtures of 
solvents to obtain fractions in which the 
polymers are present within a narrower 
limit of molecular weights. 

36 Of the linear polymeric materials repre- 
sented by Formula II we prefer to use, in 
carrying the present invention into effect, 
those wherein n has- an average value 
between 1 and 7, optimum results usually 

40 being obtained in most applications when 
the average value of n is between Z and 3. 
Such polymers, especially those of lower^ 
molecular weight, are readily soluble in," 



for example, alcohol or in mixtures of 
water and alcohol. 45 

As will be apparent to those skilled in 
the art, the linear polymers represented 
by Ijorinula II also may be represented 
by the general formula 



III H[HN(CH 3 ) 5 C0] n N< 



E 
R 



50 



\vheran n has an average value between 
6 and 18, inclusive, preferably between 3 
and 9, inclusive, and H has the same 
meaning as given above with reference to 
formula I. The dimer is represented 55 
when 7i is 2. 

When epsilon - caprolactam and an 
alkanolamme, e.g., monoethanolamine 
are caused to react there is a possibility 
that the linear polymeric reaction pro- 60 
clucts may be polymers corresponding to 
one or another of the f ollowing formula;, 
taking monoethanolamine as fflustrative 
o± tlic alkanol-amine reactant employed : 



65 



IV H{HN(GH 2 ) 5 C01 n ]SrH0 2 H 4 OH 

V H[Hr?(CH 2 ) 5 C0] n NHO 2 H > QGQ^OH 2 ) 5 NH 2 
YI H[HN(CH 2 ) fi C0] n 0'C.H 4 'NH 2 



wherein w has the same meaning as given 
above with reference to Formula III. 

70 However, since both unreaoted ethanol- 
amine and unreacted epsilon-caprolactam 
are present in the reaction mass at the end 
of the reaction period, this- constitutes 
rather persuasive evidence that the poly- 

75 nieric reaction product is predominantly, 
if not solely or substantially completely, 
a polymer of the land represented by 
Formula IV. 

Illustrative examples of~~ amidogen- 

80 aldehyde aniinoplasts which may be 
modified with the linear polymeric 
material herein described are aminotri- 
azine-aldehyde resins (e.g., melainine- 
formaldehyde resins), urea-aldehyde 

85 resins (e.g., urea-formaldehyde resins)/ 
thiourea-aldehyde resins (e.g., thiourea- 



fcrmaldehyde resins), urea-aminotriazine- 
aldehyde resins (e.g., urea melamine- 
formaldehyde resins), aminodiazine- 
aJdehyde resins (e.g., amino diazine- 90 
formaldehyde resins), protein-aldehyde 
resins (e.g., casein-formaldehyde resins) 
resmous condensation products of an 
aldehyde, e.g., formaldehyde, with a 
polvamide of a polycarboxylio acid, e.g., 95 
malonie diamide, succinic diamide, 
^ a ? c ,. dla:mid e. itaconic diamide 
pntnalic diamide or citric triamide. 

The amount of linear polymeric 
material of the hind used in practising 100 
our invention and which is incorporated 
into the amidoRen-aldehyde aminoplast to 
modify, specifically plasticise or soften 
and/ or toughen, the latter may be varied 
as desired or as conditions may require 105 
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In some cases, only a relatively small 
amount may be required, e.g., from 1% 
to 3 or 4% by weight of the combined 
amount of modifier and aminoplast. 
5 Ordinarily, however, the linear polymeric 
modifier constitutes, by weight, from 5 % 
to 50%, more particularly from 5 — 101% 
to 30—^0%, of the combined amount of 
modifier and aminoplast. For some 
10 applications, for example where the 
thermoplastic or semi - thermoplastic 
properties of the composition are not 
objectionable, the use of higher amounts 
of linear polymeric material in the com- 
15 position, is not precluded, e.g:., amounts 
such that the linear polymer constitutes 
70 or 80% , or even a» much as, 90% , by 
weight of the combined y>olymer and 
aminoplast. 

20 Any suitable means may be employed 
for incorporating* the linear polymer into 
the amidogen-aldehyde aminoplast. For 
example, a modified aminoplast may be 
prepared by first mixing together the 
25 amidogen compound, linear polymer and 
aldehyde and effecting simultaneous con- 
densation between the mixed reactants in 
the presence or absence of addition agents, 
for instance condensation catalysts, fillers, 
30 other natural or synthetic resinous 
materials, solvents or diluents. Alterna- 
tively, we may add the linear polymer to 
a partial reaction product of an amidogen, 
compound and an aldehyde, and effect 
36 further reaction between the components. 
Or, we may first partially react the linear 
polymer with an aldehyde, add the result- 
ing partial reaction product to a xmrtial 
reaction product of an ami do gen com- 
40 pound and an aldehyde, and then co-react 
the mixed partial reaction products. Or, 
we may react the linear polymer with an 
excess of an aldehyde, add an amidogen 
compound to the resulting reaction mass! 
46 and effect further reaction between the 
components. Still other ways- may be 
employed in producing a modified 
amidogen-aldehyde aminoplast in which 
the linear polymer isi chemically bound in 
60 the resin molecule. These reactions may 
be effected under alkaline, neutral or acid 
conditions and under a variety of time, 
temperature and pressure conditions. The 
temperature of the aforementioned reac- 
55 tions may vary from room temperature, in 
certain cases, to the reflux temperature of 
the reactants at reduced, atmospheric or 
superatmospheric pressure. The reactants 
may be dissolved or dispersed in a suitable 
60 liquid medium, if desired, during the 
reaction. 

Any suitable aldehyde may be employed 
as a reactant with the amidogen compound 
or with the linear polymer in producing 
05 an aldehyde-reaction product thereof. 



We prefer to use formaldehyde, e.g., 
aqueous solutions of formaldehyde. 
V a raf ormaldehy de, hexamet hy lenetetr- 
amine, or other compounds engendering 
formaldehyde also» may be employed. In 70 
certain cases other aldehydes, e.g., acet- 
aldehyde, propionaldehyde, butyralde- 
hyde, acrolein, methacrolein, cro ton- 
aldehyde, octaldehyde, benzaldehyde, 
furfural, or mixtures thereof, or mixtures 75 
of formaldehyde (or compounds engender- 
ing formaldehyde) with such other alde- 
hyde or aldehydes, may be employed. 
The choice of the aldehyde is dependent 
upon such factors as, for instance, the 80 
particular properties! desired in the 
finished product- and economic con- 
siderations. 

The linear polymer or an aldehyde- 
reaction product thereof, e.g., a niethylol 8& 
derivative of the linear polymer, or a mix- 
ture of the linear polymer and an 
aldehyde-reaction product thereof, may be 
incorporated, if desired, into the heat- 
curable amidogen-aldehyde aminoplast at 90 
any suitable stage of the manufacture of 
a moulding-, coating, impregnating, 
laminating or other composition there- 
from. For example, the modifier may be 
dry or wet blended with the amidogen- 
aldehyde resin (e.g., a melamine-form- 
aldehyde resin), a filler, (e.g. alpha- 
cellulose, or wood flour), a mould lubri- 
cant (e.g\, zinc stearate), and, if desired, 
a curing catalyst (e.g., phthalic *™ 
anhydride, tetrachlorophtbaiic anhydride, 
ammonium chloride, oxalic acid, acetic ; 
acid, phosphoric acid, diammonium 
phthalate, diammonium hydrogen phos- 
phate, diammonium ethyl phosphate, *un 
ammonium silicofluoride, a melamine 
fluosilieate, a melamine fiuoborate, 
melamine pyrophosphate, chloroacet- 
amide or succinic acid). Thereafter the 
mixture is worked on hot rolls to cause at H" 
least some of the linear polymer or 
aldehyde-reaction product thereof to 
coreact or intercondense with the 
amidogen-aldehyde aminoplast. During 
such working, the cure of the heat- 
curable or potentially heat-curable com- 
position is advanced to a desired stage. 
The resulting sheet is; then broken and 
ground to produce a moulding composi- 
tion. If necessary, the substantially 120 
homogeneous moulding compound may be 
heated further prior to moulding in order 
to advance the reaction still further and 
to stiffen the flow of the compound during 
moulding. 125 

Liquid compositions may be produced, 
for instance, merely by dissolving the 
amidogen-aldehyde aminoplast and the 
modifier in a suitable mutual solvent. For 
example, in the ease of water-soluble, 130 
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alcohol-soluble or - water- and alcohol- 
soluble urea-formaldehyde, malamine- 
foranaldehyde and urea-melamine-form- 
aldehyde renins, the liquid composition 
6 may be prepared merely by admixing' with 
such a solution a linear polymer modifier, 
or an aldehyde-reaction product thereof , 
or a mixture of the two, which also is 
soluble in the same solvent or mixture of 

10 solvents, or which can be made soluble 
therein by the addition of another sol- 
vent, e.g\, acetone. 

In order that those skilled in the art 
may better understand how the present 

15 invention may be carried into effect, the 
following examples are given by way of 
illustration and not by way of limitation. 
All parts and percentages are by weight 
unless otherwise stated. The term ft plas- 

20 ticity value ?i used in these examples is 
the thickness of a disc obtained in a flow 
test of the type described at the bottom 
of page 177 in " Chemistry & Industry," 
Vol. 56, 1937. 

25 Example 1.. 

The linear polymeric material used in 
this example was produced by reaction of 
800 parts of epsilon-caprolactam- and 400 
parts of ammonia;. This material was a 

30 crude linear polymer containing some un- 
reacted caprolactom. It was a soft, light 
tan wax. It was heated to 120° O. to 
free it of ammonia, after which it was 
heated with an aldehyde, specifically 

35 formaldehyde, as follows: 

; Tarts 
Linear polymer ----- 20 
Aqueous formaldehvde (approx. 

37% HOHO) ------ 10 

40 were heated together until the polymer 
dissolved, yielding a clear, amber- 
coloured, slightly viscous solution, which 
was then heated for several minutes near - 
its boiling point. The resulting solution 

45 was clear at. room temperature. Upon 
heating 1 a sample at 90° C. to dryness a 
resinous material was obtained. The solu- 
tion of the reaction product of the linear 
polymer and formaldehyde congealed 

50 after standing for several hours at room 
temperature. After re-dispersing and 
cooling, the pH of the reaction mass was 
9.2. 

Example 2. 

56 Same as Example 1 with the exception 
that about 5 parts of aqueous 0.5N HOI 
was added along with the 20 parts of 
linear polymer and 10 parts of aqueous 
formaldehyde. A reaction product simi- 

60 lar to that of the product of Example 1 
was obtained. The pH of the cooled 
solution was 8.7. 

Example 3. . 
One hundred and thirty-four (134) 



parts of the same linear polymer (which 65 
had been heated to 120° <L) as was used 
in Examples 1 and 2- was extracted 
(leached) with benzene by heating the 
D en ft Pin entreated polymer on a hot plate, 
filtering off the benzene-insoluble poly- 70 
mer, and washing it with benzene. The 
yield of the dried residue (benzene- 
insoluble polymer) was 85 parts. The 
filtrate was concentrated on a, steaii* bath, 
yielding 44 parts of a liquid which cry- 75 
stalliaed when seeded with a small amount 
of epsilon-caprolaotam. The crystalline 
solid was mostly unreacted epsilon-capro- 
lactam. When the residue was tritur- 
ated in water, it dispersed in the form of 80 
a fine solid which, on t drying, organised 
itself as a gel. 

A portion of the dried, benzene- 
insoluble polymer was used as follows : 

Parts 85 

Linear polymer ----- 20 
Aqueousj formaldehyde (approx. 

37% HCHO) ----- 2U 

were heated together to» and at the reflux 
temperature of the mixed reactants for a 90 
total of 10 minutes. The polymer dis- 
solved in the aqueous formaldehyde. 
Upon cooling the reaction mass to room 
-temperature a crystalline mushy product 
having a pH of 8.3< was obtained. A 96 
sample,-whioh had been heated at 105° C. 
to yield a "film, could be indented by a 
sharp implement but was* somewhat tough 
and was unaffected by water. 

Upon adding water to a sample of the 100 
solution of the initial reaction product 
while cooling", it precipitated. When a 
concentrated sodium hydroxide solution 
was added to another sample it produced 
little change in the cold, with no libera- 105 
tion of ammonia, but attacked the reac- 
tion product on warmings. 

The main portion of the reaction mass 
was -heated under reflux at boiling tem- 
perature for an additional 2 hours with ilO 
little external change in its appearance. 
Samples of the aqueous reaction product 
were heated on a melting'-point bar at 
different temperatures with, the following 
results: 115 
ISO* O. : A slightly cloudy melt 
was obtained, which con- 
gealed to a cloudy resin. 
100° C. : A clear melt initially 

was produced This melt 120 
formed a tough material 
that could be drawn hot 
into threads. 
190°— 215° C. : The hot mass could be 

drawn hot into threads, 125 
after which it turned 
brown and solidified. 
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Example 4. 
Same as Example 3 with the exception 
that 30 parts, of aqueous 10% formic acid 
was added along: with the linear polymer 
5 and aqueous formaldehyde. The solution 
was clear after heating for 10 minutes 
to and at the reflux temperature- of the 
mass. The pH of the solution on cooling 
was 8.1. The cold reaction mSKs was 
10 a crystalline mush. The addition of 
water to a small sample, while cooling", did 
not cause solution of the insoluble 
material. When a solution of sodium 
hydroxide was added to another sample. 
15 it precipitated an agglomerated mass 
without the liberation of any ammonia. 

When the main reaction mass was 
heated under reflux at boiling tempera- 
ture fpr an additional 2 hours, there was 
30 little external change. 

Example o. 
The linear ]>olymer used in this 
example was prepared by heating 
together under reflux for 45£ hours equal 
26 molar proportions of epsilrm-ca pro] actum 
and monoethanolamine. The resulting 
reaction mass was> distilled to remove 
volatile material under a pressure of about 
2- mm. at a temperature of to 2-5U° G. The 
30 residual polymer constituted about 74% of 
the starting reactants. It was a cream- 
coloured, soft wax which had an intrinsic 
viscosity of 0.17 and partly melted at 
119° C. The polymer was assumed to 
35 have an average molecular weight of 313 
with a total of five reactive ami do and 
amino groups. It was used in forming an 
aldehyde-reaction product thereof as 
described below : 
40 Approx. 

Molar 
Parts Ratio 



Linear jKuymer - - 200.0 1 
Aqueous, fun n aldehyde 

45 (approx. 37% ITOHO) I3K.U * 

MgO ----- 0.25 

were heated together in a reaction vessel 
fitted witli a sweep stirrer and reflux con- 
denser. Heating was continued at a 

50 gradually increasing temperature up to 
140° C. /at atmospheric pressure and with 
agitation, for 34 hoxu-s. After heating 
for about 2 hours under reflux the free 
formaldehyde in the reaction ^ mixture, 

55 originally "calculated as being 16.8;%, was 
reduced to 0.4%. At the end of the Sh 
hour heating ]>eriod, the apparatus was 
fitted up for vacuum distillation and heat- 
ing under reduced pressure was continued 

00 for another 30 minutes to concentrate the 
reaction product. The yield of the pro- 
duct amounted to 225 parte. 

Other aldehyde-reaction products of the 



linear polymers identified under 
Examples 1, 3 and 5 are produced by 65 
using*, instead of aqueous formaldehyde, 
equivalent amounts of other aldehydes, 
e.g. acetaldehyde, acrolein, methacrolein, 
furfural, butyraldehyde and others such 
as have been mentioned hereinbefore by 70 
way of illustration. The reaction between 
the aldehyde and the crude or purified 
linear- polymer may be curried out under 
acid, alkaline or neutral conditions, or 
initially under alkaline conditions (pH 76 
above 7.0) and finally under acid condi- 
tions (pH below 7 A)), and at temperatures 
ranging, for example, from room tem- 
perature up to the melting or boiling 
point of the mixed reactants. or the boil- 60 
ing* point of solutions- or dispersion* of the 
dissolved or dispersed reactants. 

Example 6. 

Parts 

Melamine-formaldehyde resin* - 4S7 86 

Hesin of Example 5 - 163 

Alpha-cellulose (60 mesh) - - 350 
Mould lubricant specifically zinc 

s tea ra te ------ 10 

*Note: This resin was a. dry, heat- 90 
curable material obtained by reaction 
of melamine and formaldehyde in the 
ratio of 1 mole of the former to 2 
moles of the latter. 

The above ingredients were blended 96 
together in a mixing* unit for 1£ hours, 
the lumps of the Example 5 resin 
(modifying- resin) thereby being- broken 
up to about £-inch size. The mixture was 
further worked on differential rolls having 100 
a clearance of 60 mils therebetween. The 
hot roll (fast roll) was, at a temperature 
of 130° C. at the beginning- and 126° O. 
at the end, while the temperature of the 
cold roll (slow roll) was 10O° C. The 105 
modifying* resin blended in readily within 
1 to 2 minutes. The sheet formed on the 
cold roll, was transferred to the hot roll 
in 4 to 6 minutes, and was removed from 
the latter in 11 minutes. The sheet 110 
showed good plasticity on the rolls and 
wast removed in a singde sheet. It was 
translucent, cream-coloured, and very 
flexible and strong when cold. The 
plasticity value (flow mould, 290° F.) was 115 
0.041 . The sheet wasi broken and grotuid 
in an Abbe cutter through o i-inch screen 
to form a moulding compound for test 
purposes. 

A moulded article was produced by 120 
moulding* a sample of the moulding* com- 
pound for 5 minutest at 155° C. under a 
pressure of about 3750 pounds per square 
inch. The mould shrinkage was 5.6 mils 
and the after-shrinkage 2.9 mils as- com- 125 
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pared with a mould shrinkage of 6.4 mils 
and an after-shrinkage? of 4.2 mils far 
a similar melamine-formaldehyde mould- 
ing; compound containing no modifying 
resin and which had been cured for 7% 
minutes under the same temperature ana. 



pressure conditions. Other pertinent data 
on moulded articles made from unmodi- 
fied melaminfrformaldehyde moulding 
compound (A) and from the moulding 10 
compound of this example (B) are shown 
Ivelow : 

Moulded Article of 



16 Mould shrinkage, 10 minute cure 

Af ter-shrinhage, , , , , 
Flexural modulus 



U.l mils 
5.2 ., 
1.39 



(B) 
o.O mils 

1.18 



20 



25 



Example 7. 
The formula and procedure were essen- 
tially the same as described under 
Example 6 -with the exception that, in- 
stead of using 163- parts of the resin of 
Example 5, there Was used about 163 
parts of the linear polymer employed in 
making that resin, and! the ingredients 
were blended in the miser for only 30 
minutes; instead of 75 minutes. The tem- 
perature of the hot roll was 125° C . at the 



40 



45 



beginning and 132.° 0. at tke end, while 
the cold roll was 102° C. at the beginning 30 
and 100° C. at the end. The sheet was 
transferred from the cold roll to the hot 
roll in 3J minutes, and was taken off the 
latter in 5 minutes. The plasticity value 
was 0.42. Pertinent data on moulded 35 
articles made from unmodified melamine- 
formaldehyde moulding compound (A^ 
and from the moulding compound of this 
example (C) are shown below: 



Moulded Article of 



Mould slirinkage, 10 minute cure 
After-shrinkage , , , , , , 3 
Mould shrinkage, 15 minute cure 
After-shrinkage, 
Flexural modulus 



(A) 
G.l mils 
o.Z „ 
5.7 „ 
7.0 „ 
1.39 



-i 0) -i 
o.4 mils 

2.1 „ 

5.6 „ 

2.5 „ 

1.17 



Example 8. 
The linear polymer used in this 
example and in Example 9 was a reaction 

50 product of epsilon-caprolactanx and 
ethanolamine (monoethanolamine). It is 
a yellow solid having a melting point 
(softening point) of 178° — 180° C. and an 
intrinsic viscosity of 0.26. This polymer 

55 was used in modifying an unfilled mel- 
amine-form aldehyde resin as described- 
below : 

Parts 

Melamine - formaldehyde resin 
60 (same as in Example 6) - 900 
Linear polymer ----- 100 
Zino stearate ----- 10 

The modifier (linear polymer) was re- 
duced in size by passing it through an 
65 Abbe mill having a £-inch screen and 
then dry blended with the ground mel- 
amine resin and zinc stearate. The pro- 
duct was charged to differential rolls hav- 
ing the fast roll (15 r.p.m) at 126° C. and 
70 the slow roll at 71° C, the clearance 
between, rolls being 60 mils. After 24 
minutes the charge transferred from the 
cold roll to the hot roll and the disper- 
sion of the modifier then Became com- 



2>lete. After 41 £ minutes, polymerisation 75 
had advanced to the point where the sheet 
appeared dry and was losing its plastic 
nature. It was then withdrawn, cooled 
and ground to granular size. This 
moulding compound was somewhat stiffer 80 
in plastic flow, asi evidenced by a higher 
flow value (0.054) than the compound of 
the preceding example. When this com- 
position was moulded at 136° C. under a 
pressure of 3750 pounds per square inch, 85 
with a curing period of 10 minutes, the 
product was highly translucent, in- 
dicating a high degree of compatibility 
of the modifier and parent or primary 
resin. The modulus of elasticity in 90 
flexure wasi 1.11 as compared with a value 
of 1.27 for a moulded unplasticised mel- 
amine-formaldehyde resin of a similar 
unifilled type. 

Example 9. 95 
Parts 

Melamine - formaldehyde resin 

(same as in Example ft) - - 97.5 

Linear polymer (same as in 

Example 8) 97.5 100 

Alpha-cellulose (60 mesh) - - 550.0 

Zinc stearate 10.0 
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The above ingredients were blended 
together in a mixer for 30 minutes, and 
the mixture then was milled on differen- 
tial rolls having a clearance of 60 mils 

6 between rolls. The hot or fast roll was 
at a temperature of 137° C. at the begin- 
ning and 134° C. at the end, while the 
temperature of the cold or slow roll was 
97° O. at the beginning and 96° C. at the 

10 end. The mixture adhered to the rolls 
very well and formed cleanly on the cold 
roll for about 1 to 2 minutes, after which 
part of the mass was picked up by the hot 
roll. The transfer to the hot roll was 

15 complete in about 4 \ minutes. The blend 
was particularly marked by tenacious 
adherence to the cold roll until it trans- 
ferred to the hot roll, but despite this 
initial tenacity it left the cold roll 

20 cleanly. The compound showed good 
plasticity and sheeting, with no abnor- 
malities, while on the hot roll. After 
milling for 5} minutes on the hot roll it 
was removed therefrom. At this point it 

26 was freely plastic, although beginning to 
show some signs of stiffening". ^ It formed 
a perfect sheet, which was thin, continu- 
ous, leathery and tough when cold. It 
was translucent, light yellow in colour, 

30 and had good uniformity and body tex- 
ture. The plasticity value (flow mould, 
290° F.) was 0.054. 

Another sheet was formed in a similar 
manner, the hot roll being' 132° C. at the 

35 beginning and 130° O. at the end, while 
the cold roll was 103° C. at the beginning 
and 94° 0. at the end. The sheet was 
transferred from the cold to the hot roll 
in about 4 to 4J minutes, and was re- 

40 moved from the hot roll after a little over 
5 minutes. Its plasticity value was 
0.048. and its workability on the rolls and 
general properties were much the same as 
the sheet obtained as described in the pre- 

46 vious paragraph. This sheet was broken 
and ground for test purposes as described 
under Example 6. 

When a sample of the resulting mo\ild- 
ing compound was moulded around a If- 

60 inch metal insert, it showed no cracking 
around the insert after 16 cycles on an 
insert cracking test. In this test a steel 
cylinder, 1J inches in diameter, was 
moulded as an insert in a plastic part 

56 having a diameter of 2 inches. In other 
words, a ^-inch thick plastic wall sur- 
rounded the insert. The part was sub- 
jected to a test in which it was heated for 
15 hours at 220° E. and then cooled and 

00 exposed for 9 hours at room temperature. 
This cycle was repeated 16 times. In 
comparison with the aforementioned 
result a moulded, unplastioised melarnine- 
formaldehyde resin of a, similar, filled 

65 type showed cracking of the plastic wall 



in from 1 to 9 cycles. 

When other samples werei moulded by 
heating for periods- of 10 and 15 minutes 
at a temperature and pressure such as was 
used in moulding the compound of 70 
Example 6, the compounds showed good 
plastic flow during moulding, and yielded 
hard, well-cured moulded articles having 
an after-shrinkage only slightly higher 
than that of the moulded articles of 75 
Example 7. 

Example 10. 
The linear polymer used in this 
example was obtained by heating 1000 
parts of epsilon-caprolactam and 500 80 
parts of ammonia under pressure in an 
autoclave for 24 hours at 200° C. 

Parts 

Melamine - formaldehyde resin 

(same as in Example 6) - 488 85 

Linear polymer - - - - - 162 
Alpha-cellulose (60 mesh) - - 350 
Zinc stearate ----- 10 

were blended together in a mixer for 30 
minutes, and the resulting blend then was 90 
milled on differential rolls as described in 
preceding examples. The temperature of 
the fast or hot roll was 125° C. both at 
the beginning and at the end, while that 
of the slow or cold roll was 90° C. at tke 95 
beginning and 105° O. at the end. The 
sheet, which formed mostly on the cold 
roll at the beginning of milling, later 
transferred in part to the hot roll. After 
cutting, the transfer to the hot roll was 100 
complete in 4 to 5 J minutes. The sheet ; 
was removed from the hot roll after about 
6 minutes. It came off the roll quite 
cleanly. It was about i inch thick, 
cream-coloured, translucent, of uniform 105 
texture and quite strong. The plasticity 
value was 0.(M2% The sheet was broken 
and ground for test purposes as described 
under Example 6. 

The compound yielded hard, well- 110 
cured moulded articles which showed 
good plastic flow during moulding. 
Although the af tor-shrinkage was slightly 
higher than that of the moulded articles 
of Example 9, samples of the compound 115 
which were moulded around a If -inch 
metal insert showed no era clang around 
the insert after 16 cycles on an insert 
cracking test such as that described under 
Example 9. 120 
Example 11 . 

Same as Example 6 with the exception 
that 487 parts of urea-formaldehyde resin 
(heat-curable urea-formaldehyde resin) is 
used instead of 487 parts of the heat- 125 
curable melamine formaldehyde resin of 
that example. A. well-plasticised mould- 
ing compound is obtained, which yields 
hard, well-cured moulded articles that 
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show good flow characteristics during 
moulding at temperatures of tke order of 
150° O. under pressure of about 2000 1 — 
3000 pounds per square inch. 
5 Instead of replacing all of the mel- 
amine-formaldehyde resin of Example 6 
with a urea-fornialdehyde resin, we may 
substitute only part, e.g., from 10 to 
90% , of the melamine resin with a urea 
10 Tesin. 

Likewise, in other examples herein- 
before given the melamine formaldehyde 
resin of the individual example may be 
replaced 1 in whole or in part with a urea- 
15 formaldehyde resin or with other amido- 
gen-aldehyde resins, numerous examples 
of which are herein given. 

Example 12. 
A partial reaction product of melamine 

20 and formaldehyde is prepared by heating 
together under reflux for 30 minutes 126 
parts, of melamine and 244 parts of aque- 
ous formaldehyde (approx. 37% ECHO). 
To the resulting partial reaction product 

26 is now added 45* parts of a linear polymer 
obtained by reaction of ammonia and 
epsilon-caprolactam as described under 
Example 10, and the linear polymer is 
inter-condensed into the melamine^form- 

30 aldehyde partial reaction product by 
heating the mass under reflux for 1£ 
hours. The resulting inter-condensation 
product is used in liquid compositions, for 
laminating paper, canvas and other 

35 fibrous sheet materials, in the same 
general manner as hereinbefore described. 
This syrupy reaction product also may be 
used in the production of moulding com- 
positions of both the filled and unfilled 

40 types. The introduction of the linear 
polymer into the amidogen-aldehyde 
aminoplast in this manner (or as described 
in the example which follows) has the 
advantage that cured moulded and lamin- 

46 ated articles having somewhat better 
colour are obtained than when the poly- 
mer is merely brought into contact with 
the aminoplast by physical admixture 
during compounding of a moulding com- 

50 position or by dissolving the polymer and 
the aminoplast in a mutual solvent. 

Exampi^e 13. 
A co-reacted amidogen-formaldehyde 
resin modified with a polymeric reaction 
55 product of epsilon-caprolactam and 
ammonia was also prepared for incorpor- 
ation into paper through the medium of 
a paper beater. 

Paris 

60 Melamine - 89 

Aqueous formaldehyde (approx. 

37% H1CH0) ----- 198 
Linear polymer* - - - - 100 



°Notb : This polymer was prepared by 
heating 800 parts of epsilon-capro- 65 
lactam and 400 parts of anhydrous 
ammonia in an autoclave at 200° C. 
After discharging the excess, 
ammonia, the reaction product was 
heated under reduced pressure to re- 70 
move unreacted epsilon-caprolactam 
and other volatile matter. The tem- 
perature was taken to £00° C. at 6 
mm. pressure. The yield of polymer 
residue, which was a hard, tough 75 
resin when cold, was 70'% of the 
crude reaction product that was sub- 
jected to vacuum distillation. 

The linear polymer and aqueous form- 
aldehyde were first heated together under 80 
reflux for 20 minutes to effect reaction 
therebetween. After cooling, the mel- 
amine was added and heating wa& con- 
tinued to cause co-reaction between the 
melamine and the linear polymer-form- 85 
aldehyde reaction product. After heat- 
ing for 35 minutes at 83°— 98° C. and a 
pH of 7.7 to 7.1, a clear, somewhat hydro- 
phobic syrup was obtained. Twenty-five 
(25) parts of the cooled syrup was dis- 90 
solved in 78 parts of water and 6-. 7 parts 
of concentrated hydrochloric acid. The 
resulting solution (acid resin solution) 
wasi aged for more than one week. 

Paper pulp was disintegrated and 95 
treated in an experimental paper beater. 
To the 1'% suspension of paper fibres, the 
above acid resin solution was added to 
provide 0% of resin solids based on the 
fibre, and the mixture of fibre stock and 100 
resin was agitated for about 30 minutes. 
Hand sheets were made from the resin- 
treated paper stock and tested. The dry 
and wet tensile strengths! of these sheets 
were, respectively, 32.4 and 7.0* pounds 105 
per inch as compared with dry and wet 
tensile strengths of 24.4 and 6.6 pounds 
per inch for sheets similarly made but 
which contained no; resin. 

Post Fohmabijej Laminates. 110 

The property of formability in a 
laminate increases its versatility and its 
potential applications widely. In the 
decorative laminate field, wherein lamin- 
ates utilising a melamine-formaldehyde 115 
resin as a binder for the laminae excel, 
there has long been need for a laminating 
composition ^ which would make possible 
the production of post-formable lamin- 
ated articles. In unmodified form mel- 120 
amine-resin laminates show poor post- 
forming properties. 

The techniqtie used in commercial 
practice for post-forming laminates in- 
volves! a, short heating period of about 1 125 
to 2 minutes at fairly high temperatures, 
e.g., 150° to 200° C. or higher, followed 
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immediately by forming 1 in a die under a 
low pressure of the order of 5 to 100 
pounds per square inch. For heating 
purposes an oven, infrared lamps or liigh- 

6 frequency heating means? are used. Dies 
may be constructed of wood or metal 
without expensive finishing. In order 
properly to be considered " post-form- 
able," laminates must be formable under 

10 these conditions. In addition, for a given 
thickness of laminate, a radius of curva- 
ture at least equal to the thickness of the 
laminate should be possible. 

We have discovered that the modified 

16 amidogen-aldehyde resinous materials, of 
this invention, and especially the modi- 
fied melamine-formaldehyde resins, are 
particularly adapted for use in the pro- 
duction of post-formable laminates. In 

20 such com]jositions the linear polymers 
obtained by reaction of epsilon-capro- 
lactam with ammonia, especially those 
having an average molecular weight of 
the order of 350 or 400 to 600 or 650, seem 

26 to be more satisfactory than those pro- 
duced by reaction of epsilon-caprolactam 
with a primary or secondary amine or 
alkanolamine and of the same general 
order of average molecular weight. How- 

30 ever, both classes of linear polymers 
Teadily dissolve in the usual amidogen- 
aldehyde laminating resin solvents (e.g., 
alcohol, mixtures of water and alcohol, or 
mixtures of water and ethylene glycol 

35 ethyl ether) and, when necessary, can be 
decolourised in solution, e.g., with a 
decolourising carbon. For these applica- 
tions the amount of linear polymer modi- 
fier may be varied as desired or as condi- 
40 tions may require, e.g., from about 20 to 
60%" modifier to from about 20 to 40% of 
melamine-formaldehyde, urea-formalde- 
hyde or other amidogen-aldehyde resinous 
composition, more particularly from 

46 about 25 to 40% modifier to from about 
75 to 60%! of amidogen-aldehyde resin, 
these percentages being by weight. The 
solvent may be varied in amount in order 
to produce a liquid composition of the 

50 desired viscosity and penetrating charac- 
teristics. 

Example 14. 
A liquid impregnating solution was 
prepared from the following: 
66 ^ Parts 

Linear polymer* (polymeric re- 
action product of ammonia and 
epsilon-caprolactam) - 75 
Melamine - formaldehyde resin 
60 (same as Example 6) - - 225 
Denatured ethyl alcohol - 50 

Water - - 150 

*Noth: This linear polymer was a puri- 
fied material and had an average 
86 molecular weight of about 580. 



Strips of 6.7 - oz. canvas duck were 
dipped in the above solution and were 
then dried for 15 minutes at 115° C. The 
non-fibrous content of the dried strips was 
54%, and a small test sample lost 3.9% 70 
of its weight on being heated for 10 
minutes at 150° C. An assembly of 5 
such sheets having the direction of the 
weave alternating was pressed for 30 
minutes at 150° O. under a pressure of 75 
1000 pounds per square inch. The re- 
sulting panel was well-formed, translu- 
cent and very slightly yellow. Strips 
sawed from this canvas-base laminate 
were heated for 1 minute in an oven at 80 
215° C, removed and quickly bent 
through 90° over a £-inch radius using a 
simple wooden die. The cooled piece 
conformed to the shape of the die and did 
not straighten out in the course of one 86 
year. The bent portion was strong and 
free from cracks. In marked contrast, a 
similar panel containing unmodified 
melamine - formaldehyde resin broke 
sharply at the bend. 99 

Example 15. 
The procedure of Example 14 was 
repeated using the following solution : 



Linear polymer (same as in 

Example 14) - 
Melamine - formaldehyde resin 

(same as in Example 6) - 
Denatured ethyl alcohol 
Water - - 



95 



150 



150 
60 
140 100 



After a. drying period of 15 minutes 
at 120° «C. the non-fibrous content of the 
dried strips was 55% , and a small sample 
showed a volatile loss of 5%. Infrared 
lamps) were substituted for the oven heat- 105 
ing, and a section of laminate was heated 
1 minute to a temperature within the 
laminate of 150° 0. It could then be 
bent around radii as small as inch with 
only microscopic craze lines appearing. HO 

Example 16. 
The linear polymer employed in this 
example was a reaction prodxict of 
ethanolamine and epsilon-caprolactam. 
and was the same as that used in m> 
Examples! 8 and 9. 

Parts 

Xrinear polymer (same as in 

Examples 8 and 9) - 75 

Melamine - formaldehyde resin 120 
(same as in Example 6) - - 225 

Ethylene glycol monoethyl ether 123 

Water ------- 123 

Canvas duck was impregnated with the 
above solution and dried as in Example 1 26 
15. The non-fibrons content of the dried 
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strips was 6S%, and a small sample 
showed a volatile loss of 8.6%. A 
laminate produced as described under 
Example 14 was dark in colour but other- 
5 wise good. After heating for from 30 to 
45 seconds in an oven at 225° O., strips 
of the panel could be bent without frac- 
ture around a £-inch radius through 90° . 

ExAMPIiE 17. 

10 This example illustrates the production 
of a paper-base laminate using a modified 
amidogm-aldehyde resin of this, inven- 
tion as a binder for the laminae. 

Paper was impregnated with the solu- 

15 tion of Example 14. The impregnated 



paper was dried for 10 minutes at 115° C. 
The non-fibrous content of the dried paper 
was 50% , and a small sample lost 3.5% of 
its weigbt when boated for 10 minutes at 
150° C. An assembly comprising 15 20 
superimposed sheets of the impregnated 
paper was pressed for 30 minutes at 
150° 0. under a pressure of 1000 pounds 
per Bquare inch. Although the colour 
was slightly yellow, the surface appear- 25 
ance, translucency and mechanical 
properties were all good. The results of 
teste on this panel in comparison with a 
panel similarly made from unmodified 
melamine-formaldehyde resin are shown 30 
below : 

Panel Produced From 
Unmodified Eesin Modified Eesin 



Per cent water absorbed after immersion 
35 for 24 hours in water at £5° C. - 
Dynstat flexural strength p.s.i. - 
Dynstat angle, degrees ----- 
Dynstat impact strength, ft. lbs. 
Flexural modulus ( x 10 6 ) - 



0.8 
1500 
7 
13 
1.90 



0.7 
1900 
8 
26 
1.74 



40 It will be understood, of course, by 
those skilled in the art that our inven- 
tion is not limited to the specific composi- 
tions or to the* particular procedures given 
in the above illustrative examples. Thus, 

45 instead of the specific linear polymers 
employed in the examples we may use, 
depending, for instance, upon the par- 
ticular amidogen-aldehyde reaction pro- 
duct which is being modified and tbe par- 

50 ticular use intended for the modified pro- 
duct, any other linear polymer of tbe kind 
described in the first three paragraphs of 
this specification, or formaldehyde- or 
other aldehyde-reaction products of such 

55 linear polymers, or mixtures (in any pro- 
portions!) of such, polymers and aldehyde- 
reaction products thereof. 

The preferred polymers are thosie hav- 
ing an average molecular weigbt not 

60 higher than, say, 1000 or 1200, more 
specifically those having an average mole- 
cular weight within the range of about 
400 to about 600 or 650. Tbe lower- 
molecular weight polymers are more 

65 readily dissolved in alcohol or in mixtures 
of alcohol and water with obvious advan- 
tages, especially in the preparation of 
liquid coating, impregnating', adbesive, 
laminating and similar compositions) 

70 wherein a relatively inexpensive, inert 
volatile solvent is desired. It may here 
be mentioned that tbe linear polymers 
used in practising this invention that 
have average molecular weighfe of the 

75 order of 400 to 500 or 600 often yield 
cloudy solutions upon the addition of 



water. However, when such polymers 
are added to aqueous solutions of an 
amidogen-aldehyde resin, specifically an 
aqueous solution of a melamine-formalde- 80 
hyde resin, solutions of improved clarity 
are surprisingly obtained. 

Our invention is operative with reac- 
tion products of an aldebyde, specifically 
formaldehyde, and any monomeric amido- 9n 
gen compound containing' at least two 
aldehydevreactable amino or amido or 
amino and amido groupings, that is to 
say, any monomeric amidogen compound 
containing at least two ami dog en group- 90 
ings eacb having at least one hydrogen 
atom (preferably two bydrogen atoms) 
attached to the amidogen nitrogen atom. 

As amidogen-aldehyde aminoplasts we 
prefer to use heat-curable or potentially 95 
heat^curable resinous reaction products of 
ingredients comprising a polyamino- 
triazine (e.g., melamine) and formalde- 
hyde, or comprising urea-, melamine (or 
other polyaminotriazine) and f ormalde- 100 
hyde. However, heat-curable or poten- 
tially heat-curable urea-formaldehyde, 
thiourea-formaldehyde and thiourea- 
melamine-formaldehyde resinous reaction 
products also may be employed. 105 
Dimethylol urea, alkyl ethers thereof, 
polymetbylol melamines (more particu- 
larly mono-, di-, tri-, tetra-, penta- and 
hexamethylol melamines) and alkyl 
ethers thereof may be used. Examples of 110 
other amidogen compounds wbich may be 
reacted witb an aldehyde to provide the 
primary product which is modified in 
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accordance with the present invention 
are: uxethylurea, phenylurea, phenyl- 
thiourea, allylurea, gnanylurea, guanyl- 
thiourea, dicyandiamide, gnanidine, 
5 biguanide, diaaninodiazines, guanazole 
and other dianiinotriazoles, amnieline or 
ethylenediamine. Numerous examples of 
aldehydes that may he reacted with the 
amidogen compound have been mentioned 
10 hereinbefore. These amidogen-aldehyde 
aminoplasts are prepared, in general, in 
accordance with technique well known to 
the art. The molar ratio of aldehyde to 
amidogen compound, depending, for 
^instance, upon the particular amidogen 
compound employed, may vary, for 
example, from 0.35 to 2.0 moles thereof 
for each aldehyde-reactable amidogen 
grouping in the amidogen compound. 
20 Similar proportions of formaldehyde m or 
other aldehyde may he used in preparing 
the aldehyde-reaction product of the 
linear polymer. 

Dyes, pigments and opacifiers may be 
25 incorporated into the compositions of this 
invention to alter the visual appearance 
and the optical properties of the -finished 
product. If needed, mould lubricants 
may be added to facilitate moulding of 
30 the heat-convertible (heat-hardenable) 
moulding compositions. Fillers (©-ST-' 
alpha-cellulose, asbestos, mica, or wood 
flour) may be incorporated to obtain a 
wide variety of moulding compounds and 
36 moulded articles adapted to meet par- 
ticular conditions. Curing agents, 
examples of which have been giyen 
hereinbefore, also may be added. Other 
effect agents also may be incorporated as 
40 desired or as conditions may require. 

Thermosetting (heat - hardenable) 
moulding compositions comprising a heat- 
curable or potentially heat-curable 
amidogen-aldehyde aminoplast which has 
45 been modified, specifically plasticised or 
softened and /or toughened as herein 
described, may be moulded into a variety 
of shapes under heat and pressure, more 
particularly at temperatures of the order 
50 of 100° to 200° preferably from 

approximately 120° or 130° to 170 or 
180° C. The plasticised compositions 
show good plastic flow during moulding. 
Moulded articles of manufacture compris- 
56 W the moulded, heat-hardened ^ moulding 
compositions produced in accordance with 
our invention have a good surface finish, 
show no evidence of bleeding 
plasticiser and have other improved 
60 properties such as have been mentioned or 
indicated (for instance, in many oi the 
examples) hereinbefore. 

The modified amidogen-aldehyde 
aminoplasts of our invention are especially 
65 suitable for use in producing postiorm- 



able laminated articles comprising super- 
imposed sheets of fibrous material such as 
paper, glasss cloth, or cloth formed of silk, 
wool, cotton or rayons, or cloths produced 
from synthetic fibres, e.g., fibres of 70 m 
nylon, polyacrylonitrile (or copolymers 
of acrylonitrile), vinyl chloride-acrylo- 
nitrile copolymers or vinyl chloride- 
vinylidene chloride copolymers. In 
such stimctures the sheets are impreg- 75 
nated and bonded together with a thermo- 
set product of reaction of ingredients com- 
prising an aldehyde, specifically form- 
aldehyde, and a monomeric amidogen 
compound of the kind aforementioned, 80 
which reaction product is modified 
(plasticised or softened and/ or toughened) 
with a modifier of the kind previously 
described. In such cases, the linear 
polymeric material employed has an 85 
average molecular weight of not more 
than 2000 and constitutes at least 5%, 
preferably at least 20%, but not more 
than 50 or 60*% by weight of the total 
amount of aminoplast and modifier. The 90 
scope of the invention also includes 
articles of manufacture comprising the 
po&t-formable laminated article which 
has been post-formed to a desired shape. 
Our invention also includes within its 95 
scope the method which comprises impreg- 
nating fibrous sheet material with liquid 
compositions of the kind herein described, 
drying the impregnated material, super- 
imposing the dried sheets, bonding the 100 
superimposed sheets together under heat 
and pressure (e.g., under such conditions 
of heat and pressiure as aforementioned 
with reference to the production of a 
moulded article) thereby to obtain a 105 
laminated sheet article, and deforming 
the laminated article while hot to a 
desired shape. 

Our modified amidogen - aldehyde 
aminoplasts are also useful as adhe&ives, 110 
as components? of surface protective com- 
positions, as additives, to paper pulp in 
making a wet-strength paper and for 
numerous other purposes. The modified 
amidogen-aldehyde aminoplasts of oxir 115 
invention, both filled and unfilled, have 
a wide variety of applications other than 
those hereinbefore described. In the 
filled compositions the amount of filler 
( examples of which previously have been 120 
given) may be widely varied depending, 
for example, upon the particular filler 
employed and the intended use of the 
filled composition or product. Thus, the 
amount of filler may constitute, for 126 
instance, from a few per cent (e.g., from 
2 to 5 or 10%) up to 50 or 60%, or even 
as much as 70 or 80% in some cases, by 
weight of the combined weight of filler 
and modified amidogen-aldehyde amino- 130 



BNSDOCID: <GB 67601 1A_L> 



14 



676,011 



10 



plast. . 

Our co-pending specification ]STo. 
651,333 of earlier date claims, a thermos 
setting 1 moulding' or laminating composi- 
tion comprising- a fusible- amino-aldehyde 
resin plasticissd with a compatible pre- 
formed nigh, molecular polyamide resin of 
predominantly linear structure "which is 
soluble in alcobol or aqueous alcohol and 
which either has a softening point below 
155° 0. or is used with a compatible 
plastieiser so asi to bring the softening 
point below 155 ° O. "We make no claim 
herein to what isa claimed in said speci- 
16 fication. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in wbat manner the same is to 
be performed, we declare that what we 
claim is: — 

1. A composition comprising a product 
of reaction of (a) an aldehyde and (b) a 
monomeric amidogen compound (as 
hereinbefore denned), said reaction pro- 
duct being modified with a nitrogenous 
compound which is different from the 
compound of (b) and which is either (1) a 
linear polymeric reaction product of 
(A) e-oa pro lactam and (B) a compound 
30 represented by the general formula 



20 



25 




wherein R represents hydrogen or an 
alkyl or monobydroxyalkyl radical, the 
ingredients of (A) and (B) being 
36 employed in the ratio of 1 mole of the 
former to not less than 1 mole of the! 
latter; or (2) an aldehyde reaction pro- 
duct of (1) ; or (3) a mixture of (1) and 

< 2 >- 

40 2. A composition as claimed in Claim 
1 in which the ingredients of (A) and (B) 
are employed in the ratio of 1 mole of 
the former to from 1 — 20 moles of the 
latter. 

45 3. A composition as claimed in Claim 
1 or 2 in whicb the aldehyde of (a) and / or 
(2) is formaldehyde. 

4. A composition as claimed in any of 
Claims 1 to 3 in which the amidogen com- 

60 pound of (b) is urea. 

5. A composition as claimed in any of 
Claims 1 to S in whicb tie amidogen 
compound of (b) is melamine. 



A composition as claimed in any of 
Claims 1 to 4 in which the compound of 66 
(B; is ammonia. 

7. A composition as claimed in any of 
Claims 1 to 5 in which the compound of 
(B) is monoalkanolamine. 

8. A composition as claimed in Claim 7 60 
in whicb the monoaikanolamine is mono- 
ethanolamine. 

9. A composition as claimed in any of 
Claims 1 to 8 in which the said linear 
polymeric reaction product has an average 65 
molecular weigbt of not more than 2,000. 

10. A composition as claimed in Claim 
9 in which the molecular weight of the 
linear polymeric reaction product is 400 

to 1200. 70 

11. A composition as claimed in any of 
Claims 1 to 10 in which the nitrogenous 
modifier constitutes 5 — 50% by weight of 
the combined weight of the modifier and 

the reaction product of (a) and (b). 75^^ 

12. A composition as claimed in any £ % 
of the preceding Claims in which the 
reaction product of (a) and (b) and the 
nitrogenous modifier are incorporated 
under heat. 80 

13. A composition as claimed in any of 
the previous Claims in wbich the reaction 
product of (a) and (b) is intercondensed 
with the nitrogenous modifier. 

14. A method for the production of 85 
shaped laminates which comprises impreg- 
nating fibrous sheet materials with the 
composition according to any of the pre- 
ceding (Claims, drying the impregnated 
materials, superimposing the dried sheets, 90 
bonding the superimposed sheets together 
under lieat and pressure to obtain a 
laminated sheet material and deforming 
the said laminated material while bot to 
the desired shape. 95 

15. Shaped laminated articles prepared 
by tbe method according to Claim 14. 

16. A composition when pr<epared by a> 
processi substantially as described in any Cc\ 
of Examples 6—12. 100^ 

17 . Resin-treated pulp sheets when pre- 
pared by a process substantially as 
described in Example 13. 

18. Hesin-bonded laminates when pre- 
pared by a process substantially as: 105 
described in any of Examples 14^—17. 

Dated this 19th day of April, 1949. 
CABPMAELS & RAffSFOKD, 
Agents for Applicants, 
24, Southampton Buildings, 
Chancery Lane, London, W.C.2. 
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